INTRODUCTION
Old reference proved that insulin (Cravioto, Massieu and Izquirodo (1951) (1)) acted on GA and GABA to decrease and on aspartic acid to increase, and Killam and Bain (1957) (2) recognized an evident decrease of GABA by the drugs of thiosemicarbazide in the whole brain of rats.
in case of freezing a half of the brain cortex of cats with dry ice, among amino acids in the freezed part, decreases of GA and glutamine were evident, while GABA marked no change.
Hakkinen and Kulonen (1961) (14), investigating the changes of amino acids, especially of GA, G and GABA contents in the whole brain of rats which were received oral administration of ethanol of toxic dose, offered the detailed results of evident changes of the three. Now, in these reports so far, for the most part, the changes of amino acids in the brain were investigated by using only the whole brain or the brain cortex, and also satisfactory attention was not paid to the quantity, the method and the period of administration of drugs.
In this report of ours, brains of adult rabbits and rats were divided, though anatomically rough, into four parts and each part was measured for its contents of GA, GABA, G plus alanine and A. As control experiments, rabbits were administered with subconvulsive doses of picrotoxin and a relatively greater doses of morphine, sufficient to lower body (rectal) temperature, because the pharma cological action which lower body temperature in rabbits by the two drugs was examined as an indicator for the stimulant or depressant action of the central nervous system. In both cases the changes in the level of the above mentioned amino acids were estimated at the three regular periods after the respective ad ministration of two drugs: 1) the beginning of hypothermia, 2) the lowest fall, From the filter papers the colored portion corresponding GABA, GA, G plus alanine and A which were located near Rf 0.76 , 0.20, 0.58 and 0.15 respectively, were cut off into test tubes to which was added 75% ethanol containing 0.05 mg/cc of copper sulfate. They were then determined with the use of Beckman DU-type spectrophotometer (wave length 510 mµ) and the amounts were calculated from standard solutions of amino acids which were treated simultaneously.
When phenol is used as an developing solution the problem of overlap of amino acids arises.
Glutamine, which has its characteristic staining near the point of Rf 0.58 is contaminated with alanine, threonine and tyrosine. The latter two are so minute in amount that they could be disregarded when tissues weighing about 20 mg or less are used, but alanine is proved to appear in con siderable amount judging from the results obtained with two-dimensional develop ment using butanol and glacial acetic acid. Accordingly, the values of the amount of glutamine here described are not true but are apparent ones. The same experiments were also made on five groups of intact rats , as shown in Table  2 . Table 2 The Amino Acids in Adult Rats Brain (mgj'100g wet brain)
* mean values from five intact animals mean + s .d.
The results above mentioned were compared with those in the literatures . The literatures concerning the amino acid in the brains of rabbits are very few and we could find only one (Roberts et al 1951(15) ) , in which it is described that gray matter of thalamus has the value of 41 mg/100 g, frontal cortex 64 mg/100 g , pooled gray matter 64 mgJ100 g and white matter 28 mg/100 g. Recently Waelsch et al. (1958) (12) examined the distribution of amino acids in the brain of adult rats by column chromatography and showed that thalamus and hypothalamus are the richest in the content of GABA . They emphasized a fact that medulla and pons had always lower quantities of glutamic acid , glutamine and glutathion than the cortex of cerebrum, which is in accordance with our results . The rectal temperature lowered apparently after the injection of picrotoxin until it showed maximum of lowering an hour after, and then gradually elevating, it almost returned to its beginning temperature three hours after the injection ( Fig. 1) . Fig. 1 The hypothermia by the subcutaneous injection of non-convulsive dose of picrotoxin (l mg/kg) in rabbits. The centers involved in the regulation of body temperature, whose excitation caused by picrotoxin lowered the body temperature, would stimulate until approxi mately an hour after the injection, but after that the excitation would be gradual ly mitigated and disappeared to cause returning of body temperature to its begin ning about three hours after the injection.
The changes of three amino acids in brain after subcutaneous injection of 1.0 mg/kg picrotoxin and the comparison with that of normal rabbits are shown in Fig. 2 .
Results of the above data were treated with the variance analysis ( Table 3) . It is evident from the Table that the decrease in the amino acids was most marked in the cerebrum which was recognized difference at the significant limit of 0.1%. At 20 minutes after the injection of picrotoxin the body temperature fell by 1°C or so, and marked decrease in the amino acid group was observed. After 105 minutes the body temperature began to rise somewhat from the minimal point, but the decrease in the amino acid was almost as same as that observed after 20 minutes. After 180 minutes when the temperature recovered almost completely, contents of amino acids also returned to normal.
By subcutaneous injection of subconvulsive dose of picrotoxin the amino acids in the diencephalon tissue had the tendency to decrease next to cerebrum. Gluta mic acid was significantly lower at the significant limit of 1%, while other two were so at the level of 0.1%. Only one interesting point is that when the body These results made it clear that when rabbits were received subcutaneous injection of subconvulsive dose of picrotoxin the concentration of GA, G and GABA in the brain was fluctuated, though the degree of the fluctuation was indi vidual in each part of the brain. It was also recognized that when subcutaneous injection of the subconvulsive of picrotoxin, acting on the center, apparently lowered the body temperature of rabbits, the concentration of GA and G in the parts of cerebrum, diencephalon and cerebellum showed an evident decrease. Above all the fall of the concentration of these amino acids was exceeding in cerebrum, and the concentration of GABA in diencephalon and cerebellum was evidently lowered, too. At the time of nearly complete restoration of the body temperature, having greatly lowered by the dose of picrotoxin, the concentration of the amino acids in four parts of the brain, which had been decreased , almost returned to normal or rather increased.
b) The subcutaneous injection of 3.0 mg/kg of picrotoxin.
When the subcutaneous injection of 3.0 mg/kg of picrotoxin in rabbits provoked clonic convulsions approximately thirty minutes after the injection, the concentration of GA, G and GABA in four parts of the brain was measured in next two terms; four rabbits prior to fall into convulsion a quarter minutes after the injection of the dose of picrotoxin , that is "in a state of preparation for convulsion," and six in state of seizure thirty minutes after the injection .
These results as shown in Fig. 3 However, when convulsion was induced by the drug, the amino acids which had became less in parts of the brain were almost restored to the normal state or rather increased.
As shown in Fig. 4 , the almost similar effects were obtained by the sub cutaneous injection of 0.7 mg/kg of strychnine which induces always a typical tetanic type of convulsion (Fig. 4) . by the administration of morphine in man and animal.
To begin with, in normal ambient temperature, after the subcutaneous injection of 20 mg/kg morphine hydrochloride nine rabbits were investigated to see how rectal temperature decreased.
After the injection, the fall of body temperature occured in rabbits and the highest fall was seen in two or three hours after the injection, and then it recovered gradually and returned to its normal temperature in eight hours or so (Fig. 5) .
These results showed that the nervous centers, which was effective to lower the body temperature of rabbits, were intensively depressed in less than two hours after the injection by the dose of morphine.
After that depressive action elicited by this drug was gradually ceased and in more than eight hours or so it vanished almost entirely.
Rabbits were subcutaneously injected with 20 mg/kg of morphine hydro chloride, and after confirming marked fall in the body temperature, the same rabbits received about 1 week later subcutaneous injection of the same dose of morphine hydrochloride. Rabbits were sacrificed after 10 minutes, 150 minutes and 480 minutes respectively and the contents of GABA and other amino acids in each part of brain were estimated.
Successive changes of GAI3A, glutamic acid and glutamine plus alanine are demonstrated in Fig. 6 . Table 4 shows the results of statistics of small samples, using the analysis of variance ( Fig. 6 and Table 4 ). time after injection or in any amino acid. In the case of diencephalon all the amino acids showed the tendency to increase significantly after injection, the significance limits being 0.5% for GABA, 5% for glutamic acid and 1% for glutamine plus alanine. Maximal values were obtained 150 minutes after injec tion in every amino acid, and the restorations of each amino acid content were parallel with the recovery of body temperature.
In the case of mesencephalon and medulla both GABA and glutamic acid increased significantly with the significant limits of 5% and 0.5% respectively, while glutamine plus alanine did not increase significantly.
It is interesting that even in the brain of rabbits that were divided anato mically rough, the amino acids tend to increase, except in the tissue of cerebrum, after the administration of 20 mgfkg of morphine hydrochloride . In the same way as rabbits the concentration of amino acids was investigated in four parts of the rats brain an hour after subcutaneous injection of 20 mg/kg morphine.
As shown in Fig. 7 , the concentration of GA in the part of cerebrum only showed a slight decrease and that of G, GABA and A scarcely changed. In the part of diencephalon the concentration of GA, G, GABA and A increase apparently and that of G, GABA and A showed a prominent increase; while in the parts of mesencephalon medulla oblongata and cerebellum the concentration of GA showed little change and an increase was seen in that of G , GABA and A (Fig. 7) .
These experimental results showed that the changes of contents of amino acids in several parts of rat brain at the elapses of an hour after the injection of moderate dose of morphine would be almost similar to these of rabbit brain with the exception of a little difference of GA contents of cerebrum between two animals.
c) The subcutaneous injection of 5 mg/kg of morphine hydrochloride to rats.
Mcllwain (1955) (23) explained that at concentrations comparable to those
causing analgesia, morphine has little effect on various aspects of the metabolism of cerebral and other tissues, and it is, however, at 0.1 mM a potent inhibitor of cholinesterase. Kitao (1960) (24) presented his view that in animal (rabbits) experiment comparatively small quantity of morphine had worked to cause stimulating action just like megimide.
Then, amino acids in parts of the brain of rats were investigated ; three cases which elepsed ten minutes after subcutaneous injection of 5 mg/kg of morphine hydrochloride, four cases which elapsed half an hour after the injection and four which elapsed eighty minutes after the injection.
As shown in Fig. 8 , in cases of relatively smaller dose of morphine the concentration of GA and G in parts of the brain showed maximum of lowering ten minutes after the injection, and after then gradually recovering, it returned nearly to the normal state in eighty minutes after the injection, but in the part of diencephalon the concentration of GA, being slow in recovery, regained only 66% of lowering at that time.
As for GABA and A, the concentration showed maximum of lowering ten minutes after the injection in the parts of cerebrum, mesencephalon, medulla oblongata and cerebellum and in the part of diencephalon half an hour after the injection, and after then it gradually recovered. (6)).
a) The subcutaneous injection of 0.2 g/kg barbital sodium.
The concentration of amino acids in parts of the brain in four groups of rats was investigated ninety minutes after the subcutaneous injection of 0.2 g,/kg of barbital sodium.
As shown in Fig. 7 , the concentration of GA increased in all parts of the brain except in the part of cerebellum, showing particularly an evident increase in the parts of diencephalon, and cerebrum, and that of G increased slightly in the parts of cerebrum, diencephalon and mesencephalon, but decreased in cere bellum, and that of GABA showed little change in all parts, and that of A apparently decreased in all parts of the brains (Fig. 7) .
b) The subcutaneous injection of 0.4 g/kg phenobarbital sodium.
On investigating the amino acids in four parts of the brain ninety minutes after the subcutaneous injection of 0.4 g/kg of phenobarbital sodium to rabbits, it was seen that, as shown Fig. 7 , the concentration of GA scarcely altered in three parts excepting mesencephalon where it increased a little and that of G showed slight increase only in cerebellum while that of GABA increased evidently in three parts except cerebellum, and in the parts of diencephalon and mesencephalon especially large increase was seen (Fig. 7) .
c) The intraperitoneal injection of 40 mg/kg pentobarbital sodium. ON GLUTAMIC ACID 229
On investigating the amino acids in every part of the brain ten minutes after the injection of 40 mg/kg of pentobarbital sodium to four groups of rats, it was known that the concentration of GA and G apparently increased in all parts of the brain, and that of GABA caused no significant change in diencephalon and mesencephalon though in cerebrum and cerebellum some decrease occured. Not including cerebellum other parts showed a slight increase of A (Fig. 7) .
Above mentioned results showed that on measurement of amino acids in each part of the brain a definite time after in rabbits or rats were administered the Nonexistence of convulsion was ascertained in rabbits in case of subcutaneous injection of 3 mg/kg of picrotoxin seventy minutes after the subcutaneous injec tion of 0.4 g/kg of phenobarbital. Another experiments, being made on estima tion of amino acids in four parts of rabbit brain were conducted in a preparatory stage for convulsion twenty minutes after the injection of the same dose of picrotoxin.
As shown in Fig. 9 , comparison was made among three experimental results, that is, among cases of intact rabbits, cases in rabbits of administration of picro toxin only and cases in rabbits of administration of phenobarbital followed to pircotoxin.
As for the concentration of GA, all of these cases did not show any evident changes in the part of cerebrum, and in parts of diencephalon and mesencephalon the second case (of picrotoxin) and the third one (of phenobarbital plus picrotoxin) showed apparently more decrease than the first one. On drawing a parallel between the second case and the third, the former showed 50 % decrease of the concentration of GA, and the latter showed less decrease of only 30% .
In the part of cerebellum this kind of relation was not observed , through a de crease of the concentration of GA was able to be recognized.
In regards to the concentration of GABA, similar relation to GA was seen .
But in the concentration of G there was no such relation that had been observed in GA and GABA, though it was not clear whether this fact was owning to the compound, glutamine plus alanine, mentioned before (Fig . 9 ). TOKUNAGA and KATSUYA KOJIMA These experimental results indicated that just prior to the stadium which would elicit convulsion by a definite dose of picrotoxin, the concentration of GA and GABA induced a decrease of 50% or more in the parts of diencephalon and mesencephalon and when the picrotoxin convulsion would be prevented by a de finite dose of phenobarbital GA and GABA contents in the two parts decreased in the smaller quantity than when picrotoxin convulsion was evoked. These phenomena possibly suggests that there is some correlation between convulsion caused by picrotoxin and GAGA contents in brain. taking away the cortex of cerebrum and cerebellum and grossly removing white substance, these samples were weighted and free amino acids were analysed with paper chromatography. But whether thiosemicarbazide caused convulsion in them was without description.
It was stated by them that the experiment resulted in a decrease of GABA only and the concentration of GA, G and A scarcely altered.
Then same experiment was tried, when rats were intraperitoneally injected 200 mg/kg of thiosemicarbazide, they were in passive position with polypnea until seventy minutes after the injection and more intensifying polypnea they were in excited condition from ten to twenty minutes after the injection.
Approximately thirty minutes after the injection some showed tremor in face, and approximately fifty minutes after tremor extended to the whole body but clear clonic convulsion was not yet. Amino acids in four parts of the brain were investigated an hour after the injection in four groups of rats, which were injected intraperitoneally the same dose of thiosemicarbazide and caused no clonic convultion, but only excited symp tomes. The concentration of GA showed eminent increase in all parts, and that of G increased apparently in three parts except cerebellum, while that of GABA and A decreased in all parts (Fig. 7) . Killam 3) Though subconvulsive dose of picrotoxin induced an intensive decrease of the concentration of amino acids in cerebrum, in the preparatory stadium of convulsion, little change was observed. 4) When relatively large quantity of morphine was injected, the concentra tion of amino acids in cerebrum scarcely changed, an evident increase was seen in diencephalon and mesencephalon. In case of relatively small quantity of morphine, however, amino acids in each part of the brain had a tendency to decrease. It will be necessary to testify in future experiments whether decrease of amino acids in the brain, induced by comparatively small quantity of morphine, showed superiority of phenomenum of excitement to that of depression. As touched in "Introduction," a definite conclusion is not found in looking over references on these studies, for they present us various results concerning existence of the alternation.
In the most studies so far the investigation of contents of amino acids was made in cortex of cerebrum or in the whole brain , being not made in parts of the brain, in order to explain the alternation of amino acids in the brain.
This method of study was criticized by (3) and Elliot (1959) (10) as being unexact and we also testified that .
Besides, in many references close attention was not paid to the dose , the period and the number of times of the administration when drugs were used in experiments.
For instance, De Ropp and others (1961) (11) reported that they used rats as experimental animal and the alternation of the contents in the whole brain was investigated only once after one time administration (except reserpine) of approximately twelve kinds of excitants and depressants. It is the dose of drugs administered that must be discussed now. They administered strychnine at the rate of 4 mg/kg and picrotoxin at the rate of 12 mg/kg. In our experiments subcutaneous injection of 0.7 mg/kg of strychnine nitrate elicited convulsion and as for picrotoxin subcutaneous injection of 3 mg/kg did so . Another question is whether they ascertained the fact that amino acids contents in the brain at a TOKUNAGA and KATSUYA KOJIMA time when administration of these two medicines had caused convulsion were scarcely changed. Nothing was described about that. We have used 1-3 mg/kg of reserpine* to rats and mice, whereas as much as 16-50 times of the drug was used by them. According to references, 5 mg/kg is the maximum effective dosis of reserpine sedation. Though they detected an increase of the concentration of G when 100 mg/kg of chlorpromazine was used, in our experiments* one hundredth of the dose was sufficient to observe an increase in the concentration of GA and G (glutamine+alanine) and a decrease in that of GABA and A. Investigating alternation of amino acids in the brain after administration of 10-240 mg/kg of morphine, they recognized an increase of the concentration of GABA, yet how much dose induced an increase is obscure. These results corresponds to our data presented by observation of successive changes in rat brain after subcutaneous injection of 5 mg/kg of the drug.
We do not always point our mistakes in all drugs used by De Ropp and others. However, the dose of administration should become the first subject of discussion, and then it must be considered that their investigation of amino acids which made only once in the whole brain might produce insufficient results. 
